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Summary  Cotton  is  the  raw  material  for  preparation  of  absorbent  cotton.  Raw  cotton  has
to be  subjected  to  scouring  and  bleaching  processes  for  making  it  absorbent  by  removing  the
naturally present  wax,  protein  and  minerals  in  the  ﬁbre.  The  scouring  is  done  at  115 ◦C  using
alkali followed  by  bleaching  at  boiling  condition  using  alkaline  hydrogen  peroxide  solution.  The
efﬂuent coming  out  of  such  processes  contains  high  COD  and  BOD  values.  Due  to  the  stringent
environmental  regulation  and  great  awareness  among  the  public  about  environment,  worldwide
attempts have  been  made  to  develop  green  and  sustainable  chemical  processing  of  materials.
Based on  the  above,  in  the  present  study  efforts  have  been  made  to  develop  an  eco-friendly
one bath  preparatory  process  for  the  production  of  absorbent  cotton  using  chemo-enzymatic
formulation.  The  result  indicated  that  absorbent  cotton  produced  using  the  developed  process
fulﬁlled the  required  performance  properties  as  per  pharmacopoeia  in  comparable  with  the
conventional  process  made  one.
© 2016  Published  by  Elsevier  GmbH.  This  is  an  open  access  article  under  the  CC  BY-NC-ND  license
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ince  the  ancient  time,  ﬁbrous  materials  have  been  used
n  the  ﬁeld  of  medicine  especially  for  absorbing  body  ﬂuids
uring  surgery,  wound  healing  treatment,  etc.  Cotton  and
ther  cellulosic  ﬁbres  have  been  widely  used  for  the  above
urposes.  Absorbent  cotton  is  one  such  medical  product
 This article belongs to the special issue on Engineering and Mate-
ial Sciences.
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eveloped  during  18th  century.  This  is  used  in  the  hospitals
or  absorbing  and  wiping  body  ﬂuids.  Since,  absorbent
otton  is  a  medical  product,  the  required  performance
roperties  are  deﬁned  by  pharmacopoeia.  Apart  from  med-
cal  use,  absorbent  cotton  is  a  basic  raw  material  for  the
roduction  of  ear  buds  and  cosmetic  wipes.  Cotton  has  to  be
ubjected  to  scouring  and  bleaching  processes  for  making
t  absorbent.  Scouring  is  the  process  to  remove  natural
nd  added  impurities  present  in  the  raw  cotton  ﬁbre.  The
couring  process  removes  pectin,  wax,  nitrogenous  matter
nd  minerals.  Conventionally,  this  process  is  carried  out  by
reating  the  raw  cotton  with  sodium  hydroxide  at  elevated
emperature  of  110—115 ◦C  under  pressure  using  a  machine
alled  kier.  The  scouring  process  is  followed  by  alkaline
icle under the CC BY-NC-ND license (http://creativecommons.org/
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dA  one  bath  chemo-enzymatic  process  for  preparation  of  abs
hydrogen  peroxide  based  bleaching  processes  for  removing
residual  colour  present  in  the  ﬁbre.
Textile  processing  industries,  generally  combine  both
scouring  and  bleaching  processes  since  both  the  processes
are  done  under  alkaline  conditions  at  boiling  temperature.
However,  in  the  case  of  absorbent  cotton,  the  adoption  of
such  one  bath  process  is  limited  due  to  the  requirement
higher  absorbency  which  requires  maximum  removal  of  nat-
ural  impurities  present  in  the  ﬁbre.  Due  to  the  stringent
environmental  regulation  and  great  awareness  among  the
public  about  environmental  problems,  worldwide  attempts
have  been  made  to  develop  green  and  sustainable  chemical
processing  of  materials.  Enzyme  based  processes  are  con-
sidered  as  eco-friendly  in  nature.  Enzymes  are  bio-catalyst
which  can  increase  the  rate  of  reaction  in  moderate  temper-
ature.  The  literature  survey  reveals  that  several  enzymatic
processes  are  attempted  for  scouring  and  bleaching  of
cotton.  Tzanov  et  al.  (2001)  attempted  to  develop  enzy-
matic  scouring  process  for  cotton  using  acid  and  alkaline
pectinase  enzyme.  Chung  et  al.  (2004)  developed  a  FT-IR
spectrometric  based  method  to  characterize  the  effects  of
enzymatic  scouring  process.  Karapinar  and  Sariisik  (2004)
compared  the  conventional  alkaline  scouring  and  enzymatic
processes  and  found  that  the  combination  pectinase,  pro-
tease  and  cellulose  was  suitable  for  scouring. Sˇpicˇka  and
Zupin  (2015)  studied  the  pectinase  based  scouring  of  cot-
ton  and  low  temperature  bleaching  process.  Based  on  the
above,  in  the  present  study  efforts  have  been  made  to
develop  an  eco-friendly  one  bath  preparatory  process  for
the  production  of  absorbent  cotton  using  chemo-enzymatic
formulation.
Materials and methods
Virgin  cotton  was  used  for  this  study.  The  ﬁbre  quality  of  raw
cotton  used  for  this  study  had  25.3  mm  staple  length,  4.9  mic
ﬁneness  and  20.1  g/tex  strength.  A  scouring  enzyme  (Xymo
Nat  Scour)  supplied  by  United  Alarcity  Pvt  Ltd,  Chennai
was  used  for  the  scouring  and  bleaching  purposes.  This
enzyme  formulation  also  contains  activators.  A  non-ionic
wetting  agent  supplied  by  Dupont  India  Ltd  was  used  for
the  processing.  Analytical  grade  hydrogen  peroxide,  sodium
hydroxide,  acetic  acid  and  sodium  silicate  were  used.
Conventional process
Scouring  was  done  in  an  autoclave  under  15  lbs/sq  in  (psi)
pressure  and  at  115 ◦C  using  3%  sodium  hydroxide  and  0.5%
of  nonionic  wetting  agent  on  the  weight  of  ﬁbre  for  1  h.  The
material  to  liquor  ratio  was  kept  at  1:10.  After  the  scour-
ing  process,  the  ﬁbre  was  rinsed  with  water.  The  scoured
ﬁbre  was  then  subjected  to  bleaching  treatment  using  3  g/L
hydrogen  peroxide,  1.5  g/L  sodium  silicate  1  g/L  sodium
hydroxide  keeping  material  to  liquor  ratio  1:10  at  98 ◦C  for
1  h.  Finally,  the  ﬁbre  was  washed  and  dried.Enzymatic process
The  raw  cotton  was  taken  in  a  beaker  and  treated  with
0.5%  of  nonionic  wetting  agent  on  the  weight  of  ﬁbre  and
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ptimized  concentration  of  enzyme  using  shaking  water  bath
t  98 ◦C.  A  preliminary  optimization  trial  was  conducted
o  optimize  concentration  of  enzyme  required  for  getting
equired  performance  properties  by  keeping  non-ionic  wet-
ing  agent  concentration  as  constant.  For  this  purpose,
ifferent  enzyme  concentrations  of  2%,  2.5%,  3%,  3.5%,  4%
nd  4.5%  were  used.
hemo-enzymatic process
n  this  process,  one  bath  scouring  and  bleaching  process
ere  carried  using  0.5%  of  nonionic  wetting  agent,  opti-
ized  concentration  of  enzyme  formulation  along  with
 g/L  sodium  hydroxide  and  1.5  g/L  hydrogen  peroxide
n  order  to  get  required  properties  as  per  the  pharma-
opoeia  standards.  Other  conditions  of  the  experiment  were
imilar  to  enzymatic  process  mentioned  in  the  previous
ection.
esting of performance properties
s  per  the  Indian  pharmacopoeia,  absorbent  cotton  should
ulﬁl  more  than  twenty  parameters.  The  important  require-
ents  of  absorbent  cotton  such  as  absorbency,  water
olding  capacity  and  sulphated  ash  were  measured  as  per
he  Indian  Pharmacopoeia.  As  per  the  pharmacopoeia,  the
bsorbency/sinking  time  should  be  less  than  10  s,  water
olding  capacity  should  be  more  than  23  g/g  of  ﬁbre  and
ulphated  ash  should  be  less  than  0.5%.  Another  important
arameter  requirement  of  absorbent  cotton  is  that  it  should
e  pure  white.  Though  pharmacopoeia  standards  do  not
pecify  any  value  or  methods,  in  the  present  study  whiteness
f  the  ﬁbre  was  measured  using  visible  spectrophotometer.
he  CIE  2000  whiteness  value  was  taken  as  the  measure
f  whiteness.  Ideally,  absorbent  cotton  should  exhibit  the
hiteness  index  value  more  than  70  units.
esults and discussion
he  result  of  preliminary  study  to  ﬁnd  out  optimum
nzyme  concentration  showed  that  2.5%  enzyme  treated
bre  fulﬁlled  the  absorbency  requirement  of  cotton,  i.e.
elow  10  s.  Further  increasing  the  concentration  of  enzyme
id  not  reduce  the  sinking  time  signiﬁcantly.  The  water
olding  capacity  values  were  decreased  when  the  concen-
ration  of  enzyme  increased.  The  sulphated  ash  percentage
as  increased  with  the  increase  in  the  concentration  of
nzyme  from  2.5%  to  4%.  The  whiteness  of  the  ﬁbre
as  also  increased  with  the  increase  in  concentration  of
nzyme  from  2%  to  3.5%.  However,  further  increase  in
he  concentration  did  not  show  any  signiﬁcant  improve-
ent.  Based  on  the  above  result,  it  was  concluded  that
.5%  enzyme  concentration  was  the  optimum  one  to  get
bsorbency.
The  performance  testing  results  of  absorbent  cotton  pro-
uced  using  conventional  and  enzymatic  process  is  given  in
able  1.  The  result  indicated  that  the  conventional  process
ade  absorbent  cotton  fulﬁlled  the  requirement  as  pre-
cribed  by  the  pharmacopoeia.  The  enzymatically  produced
bsorbent  cotton  fulﬁlled  the  absorbency  requirement  of
256  A.S.M.  Raja  et  al.
Table  1  Performance  properties  of  absorbent  cotton  produced  from  different  methods.
S.  No.  Parameters  Conventional
process
Enzymatic
process
Chemo-enzymatic
process
1  Ash  content  0.40  0.73  0.41
2 Absorbency/sinking  time  (s)  1.6  3  2.5
3 Water  holding  capacity  (g  of  water/g  of  ﬁbre)  25.3  26.5  26.0
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elow  10  s  and  water  holding  capacity  of  24  g  of  water  per
ram  of  ﬁbre.  However,  it  failed  to  fulﬁl  the  other  two  more
mportant  requirements  of  sulphated  ash  and  whiteness.  The
ulphated  ash  content  of  enzymatically  produced  cotton  was
bove  0.5%  and  whiteness  value  was  below  70.  The  enzyme
aken  for  the  study  was  intended  for  scouring  and  bleach-
ng  of  textile  material  where  the  requirements  are  different
han  absorbent  cotton.
In order  to  improve  the  whiteness  and  decrease  the  sul-
hated  ash  content,  a  modiﬁed  enzymatic  process  termed
s  chemo-enzymatic  process  was  attempted  in  which  the
hemicals  such  as  1%  sodium  hydroxide  and  1.5  g/L  hydrogen
eroxide  was  added  in  the  enzymatic  bath.  The  perfor-
ance  properties  of  the  absorbent  cotton  prepared  by
hemo-enzymatic  process  is  also  given  in  Table  1.  The  result
ndicated  that  that  absorbent  cotton  produced  using  chemo-
nzymatic  process  fulﬁlled  the  requirement  of  sulphated  ash
ercentage  and  whiteness  value.  The  sulphated  ash  percent-
ge  of  such  produced  absorbent  cotton  was  below  0.5%  and
he  whiteness  index  value  was  above  70  units.  The  addition
f  sodium  hydroxide  in  the  enzymatic  bath  supplemented
he  removal  of  wax  and  mineral  content  from  the  cotton
bre.  Similarly  addition  of  hydrogen  peroxide  leads  to  the
ncreased  whiteness  of  the  ﬁbre.  The  performance  property
alues  obtained  in  the  ﬁbre  were  comparable  to  conven-
ionally  produced  absorbent  cotton.  The  chemo-enzymatic
rocess  developed  in  this  study  is  one  bath  process  and
equired  less  chemical  addition  as  well  as  lower  tempera-
ure.
T75  58  72
onclusion
 one  bath  chemo-enzymatic  process  has  been  developed
or  the  preparation  of  absorbent  cotton.  The  developed
rocess  uses  eco-friendly  enzymatic  formulation,  moderate
emperature  and  saves  the  time  of  preparation  compared  to
onventional  process.
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